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ABSTRACT Most anthropoid primates are slow to de-
velop, their offspring are mostly single births, and the inter-
birth intervals are long. To maintain a stable population,
parents must live long enough to sustain the serial production
of a sufficient number of young to replace themselves while
allowing for the death of offspring before they can reproduce.
However, in many species there is a large differential between
the sexes in the care provided to offspring. Therefore, we
hypothesize that in slowly developing species with single
births, the sex that bears the greater burden in the care of
offspring will tend to survive longer. Males are incapable of
gestating infants and lactating, but in several species fathers
carry their offspring for long periods. We predict that females
tend to live longer than males in the species where the mother
does most or all of the care of offspring, that there is no
difference in survival between the sexes in species in which
both parents participate about equally in infant care, and that
in the species where the father does a greater amount of care
than the mother, males tend to live longer. The hypothesis is
supported by survival data for males and females in anthro-
poid primate species.
Most anthropoid primates are slow to develop, which is linked
to large brain size (1, 2). We hypothesize that in slowly
developing species with single births, the sex that bears the
greater burden in the care of offspring will tend to survive
longer. We have tested this hypothesis by reviewing the
demographic literature and by constructing survival tables for
anthropoid primates (see Fig. 1). The human graphs were
plotted from published data (3, 4). The survival graphs and
statistics below for nonhuman primates were calculated from
raw birth and death records (5–12). Gehan’s generalized
Wilcoxon test (13) was used to compare survival distributions
for males and females of nine primate species. For orangutans,
gorillas, gibbons, and spider monkeys, in which the female is
primarily responsible for the care of offspring, we tested the
null hypothesis against the hypothesis that females tend to
outlive males; for siamangs and Goeldi’s monkeys, we tested
the null hypothesis against the hypothesis that the sexes
differed in survival; and in owl monkeys and titi monkeys, we
tested the null hypothesis against the hypothesis that males
tend to outlive females.
RESULTS
In Fig. 1A, human data from the Swedish population from
three historical periods indicate a female survival advantage
going back to 1780, which are the earliest records available (3,
15). The female advantage is evident throughout more than
two centuries in spite of large differences in mortality rates.
Similar female advantages were recorded in the earliest data
from England and France in the 19th century, and the female
advantage has been present in most countries throughout the
world in the 20th century (3, 4, 16). A female survival
advantage has also been found among adults in the Ache, a
well-studied hunter-gatherer population living in the forests of
eastern Paraguay (17). These data strongly suggest that the
survival advantage in human females has deep biological roots.
Although human fathers have a significant role, human moth-
ers generally bear the greater burden in caring for their
offspring.
Female gorillas, orangutans, and chimpanzees have a pro-
portionally larger survival advantage than human females in
data obtained from captive populations [see Fig. 1 B and C and
Gage et al. (18) for chimpanzees]. In chimpanzees (Pan
troglodytes), there also are data from natural populations. In a
22-year study of 228 chimpanzees living in the Mahale Moun-
tains, Nishida (19) found an equivalent number of male and
female births but three times as many females as males in the
adult population. This difference was not due to differential
migration, and thus their observations indicate a strong female
survival advantage. Goodall (20) also found a female survival
advantage in her long-term study of chimpanzees at Gombe.
Chimpanzee and orangutan mothers usually provide all the
care for their offspring (20, 21), and females possess a very
strong survival advantage. Gorilla mothers provide most of the
care for their offspring, but the fathers protect and play with
them (22). The female survival advantage in gorillas, although
significant, is not as large as in chimpanzees or orangutans (see
Table 1).
Fig. 1D shows that female white-handed gibbons (Hylobates
lar) also enjoy a significant survival advantage. Gibbons live in
pairs, but the females carry the infants without paternal
assistance (25). Fig. 1E indicates that in contrast to the female
advantage in the other apes, male siamangs (Hylobates syn-
dactylus) have a slight survival advantage. Like gibbons, sia-
mangs live in pairs; however, siamang fathers are the only male
apes to carry their infants (25). Siamang mothers carry their
infants during the first year, but the fathers largely take over
this task during the second year until the offspring move
independently (25).
In Old World monkeys, females do most of the infant care.
Female survival advantages have been reported in demo-
graphic studies of natural populations of two species. In toque
macaques (Macaca sinica), females older than 4 years have a
lower risk of dying than males of comparable age (30). In
gelada baboons (Theropithecus gelada), females older than 8.5
years have a lower risk of dying than males of same age (31).
In a demographic study of a large captive population of rhesus
monkeys (Macaca mulatta), females were found to have a
lower mortality rate than males up to age 7; the authors noted
that the mortality rates for the older monkeys in this colonyThe publication costs of this article were defrayed in part by page charge
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FIG. 1. Survival curves for anthropoid primates. The green arrows
indicate the average age of first reproduction in females (14).
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were much lower than expected and suggested that this was due
to selective culling of the less robust older animals (32).
In New World monkeys, we found a significant female
advantage in captive spider monkeys (see Fig. 1F and Table 1),
and a substantial female survival advantage has been reported
for a natural population of capuchin monkeys (Cebus oliva-
ceus) (33). In both spider and capuchin monkeys, mothers do
nearly all the infant care (23, 26). Past sexual maturity, owl
monkey males (Aotus) have a strong survival advantage over
females (Fig. 1G). Titi monkey males (Callicebus) also tend to
live longer than females, but the effect is not statistically
significant, possibly due to the small sample size (Fig. 1H).
Both owl monkeys and titi monkeys live in monogamous pairs,
and the fathers carry their offspring from shortly after birth
except for brief nursing periods on the mother and occasional
rides on older siblings (27). We have observed in captive owl
monkeys that if the father dies, the mother will not carry the
infant except during brief nursing periods. In Goeldi’s monkey
(Callimico goeldi), we found nearly identical curves for males
and females (see Fig. 1I). In Goeldi’s monkey, births are single;
initially the mother carries the infant, but later the father
carries it in cooperation with other family members (26).
Goeldi’s monkeys also have accelerated maturation with first
reproduction occurring at about 480 days, far earlier than any
other monkey, and females have two birth seasons per year
(26). Because of twinning, short interbirth intervals, and
cooperative male care of infants (26, 34), our hypothesis does
not apply to the callithricid group of anthropoids, the mar-
mosets and tamarins.
DISCUSSION
In the majority of species, there is a female advantage through-
out life, but in all anthropoids studied in which single births are
typical and the male carries the infant, there is either no
difference in survival between the sexes or there is a male
survival advantage. These results run counter to the reason-
able expectation that the increased energy expenditure and
risk of falling associated with carrying an infant would result
in increased rather than decreased mortality. In Table 1, the
primates are ranked in descending order of female vs. male
survival. As the femaleymale survival ratio decreases, paternal
care for offspring tends to increase. In chimpanzees, spider
monkeys, and orangutans, paternal care is rare or neglible, and
the females have large survival advantages. In these three
primates, females typically mate with multiple males and there
may be substantial competition among males. This observation
would suggest that higher mortality in males in these primates
would be due in part to injuries suffered in competition for
females. Unfortunately, the stud books used to construct these
survival tables generally do not provide the causes of death so
that we cannot directly evaluate the role of violence. However,
aggressive interactions are rare among male spider monkeys,
and females tend to be dominant (23, 24), which suggests that
injuries in male competition are not responsible for the female
survival advantage in these primates. Goodall (20) has sug-
gested that dominance interactions might reduce reproductive
success in male chimpanzees because they are incompatible
with establishing consort relationships with females. By con-
trast, high-ranking female chimpanzees tend to live longer and
their offspring are significantly more likely to survive (35).
Female dominance interactions are generally more subtle and
their hierarcharies more stable than in male chimpanzees (35).
Finally, multimale mating systems do not necessarily lead to
aggressive interactions among males as is evidenced by the low
level of aggression and the high degree of male cooperation in
tamarins (34).
A single breeding male per social group is the norm in
gibbons, gorillas, siamangs, owl monkeys, and titi monkeys, but
there is large variance in the femaleymale survival ratio in
these primates, which is predicted by differences in the male
parenting roles but not by male competition. This contrast is
most striking in gibbons and siamangs, which are members of
the same genus and are pair-living but covary in male care and
femaleymale survival ratios. One factor that we have not taken
into account because of the lack of comparable data across
primates is the possibility that survival ratios might be influ-
enced by the amount of cooperative interactions among care-
givers of the same sex.
In Table 1 there is a tendency for body weight (14) to
decrease with the female survival ratio; however, the corre-
lation between these variables is not statistically significant
(P 5 0.11; R2 5 0.236). This tendency is not seen in the two
most closely related primates in the table, gibbons and sia-
mangs, where it is the heavier siamangs that exhibit male care
and a lower female survival ratio.
In humans, the female survival advantage begins shortly
after conception and continues throughout life with the largest
advantage, in terms of the differential between male and
female age-specific death rates, occurring during the child-
rearing years (36). In some human groups including the
contemporary United States and Swedish populations, there is
evidence for a second smaller peak in the female survival
advantage around age 60 (4, 36). Although it is difficult to
obtain precise sexual differentials for age-specific mortality
rates from the small populations available for nonhuman
primates, the data from gorillas and gibbons exhibit two peaks
in female survival advantage at the same stages in the life cycle
as in humans. By contrast, the male survival advantage in owl
monkeys and titi monkeys emerges shortly after maturity
during the peak period of paternal responsibility for the care
of offspring.
Human females have lower risks than males of dying from
the 13 most prevalent causes of death (37), which indicates the
female survival advantage has an extremely broad base. The
hormonal basis of this effect is evidenced by the finding that
postmenopausal women who currently receive estrogen re-
placement have a lower risk of death as compared with
Table 1. Survival ratios and male care in anthropoid primates
Primate
Femaleymale
survival ratio Male care
Chimpanzee (18) 1.418 Rare or negligible (19, 20)
Spider monkey 1.272 Rare or negligible (23, 24)
Orangutan 1.203 None (21)
Gibbon 1.199 Pair-living, but little direct role (25)
Gorilla 1.125 Protects, plays with offspring (22)
Human (Sweden 1780–1991) 1.052–1.082 Supports economically, some care
Goeldi’s monkey 0.974 Both parents carry infant (26)
Siamang 0.915 Carries infant in second year (25)
Owl monkey 0.869 Carries infant from birth (27, 28)
Titi monkey 0.828 Carries infant from birth (27, 29)
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postmenopausal women who have never received supplemen-
tal estrogen (38). Experimental findings from avian species in
which males typically have a large parenting role indicate that
testosterone administration reduces male parenting behavior,
suppresses the immune system, and increases the frequency of
injury from fighting (39). It would be interesting to determine
whether these results would be obtained in male-caretaking
primates.
Finally, a close dyadic bond develops between father and
offspring in siamangs, owl monkeys, and titi monkeys, which is
much stronger than the maternal bond in these primates (25,
28, 29). It is conceivable that the strength of these bonds and
their underlying neurochemical and hormonal bases might
enhance survival .
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